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It is well known that the cell membrane
is heterogeneous in nature; thereby lo-
cal and time-stable aggregations of
lipids and proteins play a crucial role.
The overall protein and lipid distribu-
tion within the cell membrane is be-
lieved to be strongly influenced by
long-range interactions in the mem-
brane plane. These long-range interac-
tions can impossibly directly emerge
from typical intermolecular protein-
protein interactions such as the
H-bonds, the Van der Waals or electro-
static forces, because these forces are
too short-ranged (several nanometers).
A major candidate for creating such
long-range interactions between mem-
brane biomolecules is discussed to
arise from ‘‘hydrophobic mismatch’’,
which causes mechanical loads to the
membrane layer due to different hy-
drophobic thicknesses of the involved
molecules embedded in the membrane.
Because the energy tends to be mini-
mized, the proteins representing
similar hydrophobic thicknesses are
thought to most likely aggregate. The
degrees of ‘‘hydrophobic mismatch’’
of the different proteins and lipids
and their respective mobilities in the
membrane then in turn create a sophis-
ticated interplay that yields complex
distribution patterns.
The hydrophobic-mismatch issue
has been studied theoretically and nu-
merically (1). Experimental evidence
was mostly obtained from studying
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tems (2–5). Data on interactions be-
tween individual molecules on the
nanoscale have recently become acces-
sible thanks to the development of the
high speed AFM by Ando et al. (6).
High speed AFM, at this point, appears
to be the only technique that allows us
to characterize protein-protein interac-
tions at the single-molecule level
without labeling and without the appli-
cation of an external force.
Monitoring the movement of indi-
vidual nonlabeled membrane proteins
and the interaction between them has
allowed characterizing their in-mem-
brane interaction potential. In a new
study presented in this volume (7), it
has been shown that protein assem-
bling plays an important role in the
dynamics of membrane protein diffu-
sion. Furthermore, a direct quantitative
energy landscape description (well
depth and extension) of membrane
protein interaction is presented.
Yamashita et al. (8) have previously
investigated bacteriorhodopsin and
used the time of contact between bac-
teriorhodopsin molecules for assessing
the interaction energy. In the study dis-
cussed here (7) the position was mea-
sured in addition to time, so as to
characterize the profile of the interac-
tion potential with respect to distance
between two ATP synthase c-rings
present in the purple membrane. It is
also shown that the oligomerization
of the proteins in the membrane impor-
tantly affects their diffusion.
The assessment of the distance vari-
ation of the interaction between mem-
brane biomolecules is crucial for
understanding the organization of cell
membranes. Such data could be further
used for theoretical studies of mem-
brane-mediated protein-protein inter-actions. Some numerical studies
pointed out the possibility of the pres-
ence of local minima in the profile of
the interaction potential (9). These
local minima could be important for
understanding the membrane protein
dynamics. Using high-speed atomic
force microscopy (6), the potential
for studies for getting a deeper under-
standing of the relationship between
the functionality of the proteins and
the dynamics of the supramolecular as-
sembly of the membrane has come into
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